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Collaboration Overview
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goals of the collaboration 

Provide an unambiguous identification of the lowest‐lying exotic hybrid, the isovector 
 with ;

Obtain robust predictions for the hybrid‐meson partners with differing quantum 
numbers;

Develop robust techniques to study low‐lying resonances, and provide metrics that 
may distinguish between conventional and unconventional hadrons; 

Set a foundation for future QCD spectroscopy efforts. 

π1 JPC = 1−+
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phenomenology

latticeanalysis



9

phenomenology

latticeanalysis

discovery of 
hybrid mesons
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analysis phenomenology lattice
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lattice three-body formalism
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amplitude model-building



14

phenomenology
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Milestones
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2023

milestone 2  
Formulate and apply mass-dependent amplitude analysis to describe ∆++ production and explain the momentum transfer 
behavior of the beam spin asymmetry (Szczepaniak IU, Y1Q3) 
Delayed to align the theory development with GlueX analysis.

milestone 5  
Lattice QCD calculation of the 3π scattering amplitude when ππ can form the ρ resonance. (Briceño UCB, Y1Q4).
In progress. A key outstanding problem related to the the amplitude analysis for the rho-pi system was resolved 
in:  "Partial-wave projection of the one-particle exchange in three-body scattering amplitudes", Andrew W. 
Jackura & Raúl A. Briceño, e-Print: 2312.00625 [hep-ph], PRD (accepted).

 
milestone 7  
Computation of decays of X(3872) at NLO in XEFT, which requires solving the problem of large NLO corrections, and 
determine implications of the systematic treatment of the coupled 3-body channel for lighter exotic hadrons. (E. Braaten 
OSU, Y1Q3). 
Replaced with BO analysis of heavy quark exotics.
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2023

Related work
"Light hybrid meson mixing and phenomenology", E.S. Swanson, Phys.Rev. D 107 (2023) 7, 074028.

Related work
"Heavy-quark spin symmetry breaking in the Born-Oppenheimer approximation", R. Bruschini, JHEP 08 (2023) 
219.

https://inspirehep.net/literature/2629433
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2024
milestone 9  
Formulate and apply mass-dependent PWA parametrizations (K-matrix, N/D, dispersion relations) for the 
combined analysis of ηπ, ηʹπ and three-particles in the quasi-two-particle approximation. (Rodas JLab, Y2Q2). 
Started, estimated completion in Q3.

milestone 10  
Calculate exotic Regge trajectories from string and quark models. (Liao IU, Y2Q4). 
In progress.

milestone 11  
Dispersion relations and FESRs for ηπ, ηʹπ with pion beams (relevance to COMPASS data). (Szczepaniak IU, 
Y2Q4).
Work is underway, the key hurdle has been overcome. 

milestone 12
Lattice QCD calculation of γ(ω, φ) → a0 → ηπ, KK  ̄. (Dudek W&M, Y2Q3).
Work has started on computing three-point correlation functions.

milestone 14
Develop model to determine lowest multiplets of hidden-strange tetraquarks and molecules.  (Lebed ASU, Y2Q4).
Not yet started (waiting for postdoc hire).

milestone 15
Compute decays of Tcc + at NLO in XEFT, which involves the systematic treatment of coupled 2-body and 3-body 
channels. Consider consequences for possible strange-quark analogue states. (Braaten OSU, Y2Q4). 
Replaced with BO heavy quark objective.
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2024

Related work
"Why quarkonium hybrid coupling to two S-wave heavy-light mesons is not suppressed", R. Bruschini, 
Phys.Rev. D 109 (2024) 3, L031501.

Related work
"Model-independent predictions for decays of double-heavy hadrons into pairs of heavy hadrons", E. Braaten &  
R. Bruschini, e-Print: 2403.12868 [hep-ph]
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2025

milestone 23  
Identify and compute distinctive decay modes of the exotics to quasi-stable hadronic final states within the dynamical 
model previously developed. (Swanson U. Pitt., Y3Q4). 
Completed: "A Constituent Model of Light Hybrid Meson Decays", C. Farina, E.S. Swanson, e-Print: 2312.05370 
[hep-ph], PRD (to appear).

milestone 18 
Development of formalism to analytically continue three-body integral equations into the complex plane in order to 
search for resonance pole singularities. (Doring GW, Y3Q4) 
Completed: "Analytic continuation of the relativistic three-particle scattering amplitudes", S.M. Dawid, Md 
Habib E. Islam, Raúl A. Briceño, Phys.Rev. D 108 (2023) 3, 034016. 
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Products



19 publications 2023-2024
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108 talks 2023-2024
by 29 collab members
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Outreach
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Schools/Education

César Fernández Ramírez 

Gloria Montaña
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2025: @ Berkeley

Schools/Education
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Schools/Education
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ExoHad participation in REYES
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Mentoring

~$11K in travel funds provided for 5 junior 
members to date

weekly meetings with students

TC meetings every 6 weeks
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Conclusions



 there is major progress in all areas

 the collaboration is making a difference

 almost all funding goes to junior people

 none of this is possible without funding stability for 
the senior people
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Backup







• Tetraquarks: in a recent paper we calculated the spectrum of ground and excited four-quark states in the charm and bottom region using functional methods. We find that that 
their internal structure differs depending on the quantum numbers; states with CP = 1 are dominated by heavy-light meson contributions, whereas for axialvector mesons the 
picture is more complicated and depends on the flavor content. A follow-up work for open-flavor states is currently in preparation. 
 
J. Hoffer, G. Eichmann, C. S. Fischer, "Hidden-flavor four-quark states in the charm and bottom region", Phys. Rev. D (2024), in print. arXiv:2402.12830 [hep-ph] 

• Pentaquarks: We are working on the 5-body equation for heavy-light pentaquarks in order to investigate the spectrum and structure of the 'LHCb pentaquarks'. To this end, my 
PhD student Raul Torres solved the whole cascade of 2-, 3-, 4- and 5-body equations in a scalar model, a paper is currently in preparation. 

• Hexaquarks: Together with my master (and hopefully future PhD) student André Nunes, we constructed the two-body version of the six-body equation, in analogy to the quark-
diquark model for baryons, and applied it to the deuteron. The results so far are promising and may give us a glimpse in how quark and gluon effects cancel out to leave pion 
and sigma exchange as the predominant binding of the deuteron. We are currently performing further checks, a paper will follow.

• Tetraquarks: Christian Fischer, Joshua Hoffer
• Pentaquarks: Raul Torres, Teresa Pena
• Hexaquarks: André Nunes, Teresa Pena, Ana Arriaga

Eichmann





For the 2024 milestone, this is the status:

Extension of finite-volume three-body formalism to more general cases of multiple coupled systems ({\it Sharpe} UW, Y2Q2).

The extension of the three-particles formalism to multiple three-particle channels has been carried out by ExoHad members Zack Draper (UW graduate student) and Steve Sharpe (UW, co-
PI), in a paper submitted to the arXiv [arXiv:2403.20064]. This is done in the context of the $\pi\pi\eta$ and $K \bar K \pi$ system in isosymmetric QCD, where, if one enforces positive G 
parity, as well as conservation of $J^P$, there is no mixing with the $2\pi$ or $3\pi$ systems. This two-channel system is suitable for studying the $b_1(1235)$ and $\eta(1295)$ resonances, 
as long as one ignores coupling to channels with four or more particles.

Sharpe



Szczepaniak







Postdoc Roberto Bruschini and I are closing in on a definitive solution to the problem of exotic heavy mesons by exploiting 
the diabatic formulation of the Born-Oppenheimer approximation for QCD.
I have put my efforts towards my EXOHAD milestones on hold, because the solution to this problem will have a much 
larger impact on the overall goals of the ExoHad collaboration.

Heavy-quark spin symmetry breaking in the Born-Oppenheimer approximation

#4

• 		 	 R. Bruschini(Ohio State U.) (Mar 30, 2023)


• 		 	 Published in: JHEP 08 (2023) 219 • e-Print: 2303.17533 [hep-ph]

Why quarkonium hybrid coupling to two

S

-wave heavy-light mesons is not suppressed

#3

• 		 	 R. Bruschini(Ohio State U.) (Jun 29, 2023)


• 		 	 Published in: Phys.Rev.D 109 (2024) 3, L031501 • e-Print: 2306.17120 [hep-ph]

Model-independent predictions for decays of double-heavy hadrons into pairs of heavy hadrons

#1

• 	E. Braaten, R. Bruschini (Mar 19, 2024)


• 	e-Print: 2403.12868 [hep-ph]

https://inspirehep.net/literature/2647272
https://inspirehep.net/authors/1742411
https://inspirehep.net/institutions/903092
https://arxiv.org/abs/2303.17533
https://inspirehep.net/literature/2672987
https://inspirehep.net/literature/2672987
https://inspirehep.net/literature/2672987
https://inspirehep.net/authors/1742411
https://inspirehep.net/institutions/903092
https://arxiv.org/abs/2306.17120
https://inspirehep.net/literature/2770003
https://inspirehep.net/authors/1015509
https://inspirehep.net/authors/1742411
https://arxiv.org/abs/2403.12868

